Abstract Major depressive disorder (MDD) is among the most prevalent neuropsychiatric disorders associated with HIV infection; however, its risks and neurobiologic correlates in diverse cultures are poorly understood. This study aimed to examine the frequency of MDD among HIV+ participants in southern Brazil. We hypothesized that the frequency and severity of MDD would be higher among individuals with HIV+ compared with HIV− and higher in HIV subtype B compared with C. Individuals with HIV (n = 39) as well as seronegative controls (n = 22) were enrolled in a cross-sectional, prospective, observational study. Current and lifetime history of MDD was diagnosed by MINI-Plus; symptom severity was assessed by Beck Depression Inventory-II (BDI-II). Current and past episodes of MDD were significantly more frequent in the HIV+ versus HIV− group: current MDD, 15 (38.5 %) vs. 0 (0 %), p = 0.0004; past MDD, 24 (61.5 %) vs. 3 (13.6 %), p = 0.0004. The median BDI-II score in the HIV+ group was significantly higher than that in the HIV− (13 (8-27.5) vs. 2.5 (1-5.5); p < 0.0001). Current suicide risk, defined as during the last month, was found in 18 % of participants in the HIVpositive and none in the HIV-negative group. Neither current MDD frequency (8 (57.1 %) vs. 6 (40 %), p = 0.47) nor BDI-II score differed across subtypes B and C. HIV+ group may be more likely to experience current MDD than HIV−. This was the first study to compare the frequency and severity of MDD in HIV subtypes B and C; we found no difference between HIV subtypes B and C.
Introduction
Major depressive disorder (MDD) is among the most prevalent psychiatric disorders in HIV infection, but its risks and neurobiology are poorly understood. Previous reviews and meta-analysis have provided evidence that people who are HIV-positive have nearly twice the risk of developing MDD than people who are HIV-negative (Ciesla and Roberts 2001; Wolff et al. 2010) .
HIV-1 is characterized by extensive genetic diversity. HIV-1 subtype C is the most prevalent subtype, accounting for approximately 52 % of infections in the entire world (Ariën et al. 2007 ). HIV-1 subtypes present many structural and functional differences, which may influence cellular tropism and organ involvement, including central nervous system (CNS) involvement and cognitive impairment. It was previously thought that different subtypes might account for variation in the incidence of cognitive impairment in distinct geographic regions of the world (Kanki et al. 1999; Kaleebu et al. 2002; Sacktor et al. 2009 ), although this hypothesis has not been Electronic supplementary material The online version of this article (doi:10.1007/s13365-016-0454-3) contains supplementary material, which is available to authorized users.
supported by recent studies Sacktor et al. 2014) .
HIV-1 subtype C shows, in vitro, reduced chemoattractant activity of the trans-activator of transcription (tat) protein compared with subtype B, which may influence cellular trafficking and CNS inflammation neuropathogenesis (Satishchandra et al. 2000; Ranga et al. 2004) . The defective tat chemokine activity of HIV-1 subtype C is due to loss of the BCC^group (cysteine replaced by a serine [CS, SC] ) (Ranga et al. 2004) . Previous studies have demonstrated that neuroinflammation is a risk factor for major depressive disorder. Because the Tat protein from HIV-1 subtype C lacks the chemokine motif seen in subtype B, the resulting reduced trafficking of inflammatory cells into the brain might be expected to lead to less frequent MDD.
The frequency of MDD could be, in the same way, influenced by structural and functional differences among HIV subtypes. No previous study has examined the frequency of MDD in individuals infected with subtypes B and C. The objective of this study was to determine the frequency of MDD and the risk of suicide among individuals who are HIV-positive, and compare the frequency of MDD among those infected with HIV subtype B vs. C. This study hypothesized that the proportion of individuals with MDD and the severity of depressive symptoms will be higher in people who are HIV-positive than HIV-negative and higher in people diagnosed with HIV-1 subtype B than C. The objectives of this study were to determine the frequency of MDD and the risk of suicide among individuals who are HIVpositive, chiefly among those infected with HIV subtype B vs. C, and the prevalence of MDD among patients on antiretroviral (ARV) regimen including efavirenz (EFV). This is the first study evaluating the relation between HIV-1 subtype differences and MDD frequency.
Design and methods
A prospective cross-sectional study of MDD frequency and clinical characteristics among individuals who were HIV-positive and HIV-negative was performed in southern Brazil. HIV-positive research volunteers were recruited at the Hospital de Clínicas, Universidade Federal do Paraná (UFPR), Curitiba, Paraná, Brazil between 2007 and 2011. None had opportunistic infections in the CNS. All volunteers provided samples of blood and cerebrospinal fluid (CSF) under a study protocol approved by the Hospital de Clínicas-UFPR (Brazil) Institutional Review Board (IRB) and the Brazilian National IRB (CONEP). Participants provided written informed consent.
Subjects
As described previously , participants who were HIV-positive and HIV-negative/HCV-negative were enrolled from the same geographic region in Curitiba, southern Brazil. A total of 61 participants were studied. As seen in Table 1 , the HIV+ and HIV− groups were matched for gender, age, and years of education. All participants who were HIV-positive underwent serological testing to confirm their HIV status before enrollment, according to guidelines published by the Brazilian Ministry of Health (BRASIL 2009). Cases with opportunistic CNS infections were excluded. HIV-negative control participants were recruited from the HC-UFPR blood bank; these participants tested serologically negative for HIV, HBV, HCV, HTLV-1 e 2, and syphilis, with no neurological co-morbidities.
Risk factors for HIV infection
The risk factors for HIV infection, overall, were heterosexual contact (n = 26; 67 %), men who have sex with men (MSM; n = 8; 21 %), intravenous drug use (n = 3; 7.7 %), and unknown (n = 2; 5 %). There was no difference in risk factors for HIV infection in the groups with and without MDD (p = 0.63). In the group with MDD, the risk factors were heterosexuality (n = 10; 67 %), MSM (n = 2; 13 %), intravenous drug use (n = 2; 13 %), and unknown (n = 1; 7 %), while in the group without MDD were heterosexuality (n = 16; 67 %), MSM (n = 6; 25 %), intravenous drug use (n = 1; 4 %), and unknown (n = 1; 4 %).
Methods
Methods were described previously (Kamat et al. 2013; ).
Psychiatric assessments
Current and lifetime MDD were diagnosed by a trained psychiatrist using a Brazilian Portuguese version of the MiniInternational Neuropsychiatric Interview (MINI-plus 5.0.0) (Sheehan et al. 1998; Amorin 2000) , and depression severity was assessed with the Portuguese Beck Depression Inventory-II (BDI-II). Participants completed the Beck Depression Inventory-II (BDI-II). The BDI-II is a 21-item self-report measure that rates severity of depressive symptoms during the past week, addressing somatic (e.g., weight loss, fatigue) and nonsomatic (e.g., suicidal ideation, feelings of guilt) depressive symptoms. Higher scores indicate greater depressive symptomatology (Beck et al. 1996; cbdGorenstein and Andrade 1996) .
Neuromedical assessments
Participants underwent a comprehensive neuromedical assessment. This included a blood draw, lumbar puncture for the HIV+ group, neurological examination, and administration of the International HIV Dementia Scale (IHDS). ARV treatment adherence was evaluated with the AIDS clinical trial (ACTG) adherence questionnaire (4-day recall).
Examiner training
There were separate training teams for the neurobehavioral, neuromedical, and psychiatric modules of the battery. The psychiatrist was trained by Dr. Amorin, author of the Brazilian Portuguese version of the MINI-plus.
Clinical laboratory measures
HIV RNA levels in serum and CSF were measured by branched DNA assay (Siemens) with a nominal limit of detection of 50 copies/mL. Current CD4 counts were quantified by flow cytometry (FACSCalibur-Multitest). Nadir CD4 levels was extracted from medical records.
HIV subtype was assigned for participants who had clinical resistance, using pol sequences. For the remainder of participants, subtype was determined by sequencing env from HIV DNA. HIV genotyping was performed at the Virology Laboratory, Hospital de Clínicas, UFPR, Brazil. Together, these yielded 14 people with HIV subtype B, 15 people with HIV subtype C. Low frequency infections with subtype F (n = 1), recombinant form BF (n = 5), and CF (n = 1), were not included in the subtype analysis; subtype could not be identified for three additional subjects.
Statistical analyses
Comparisons between groups were made using chi-square tests, Fisher's exact test, and t tests as appropriate. Values for subtypes B and C and the HIV-positive and HIV-negative groups were then compared with an independent-group t test (unadjusted analysis). The correlation between continuous variables was calculated with a Spearman correlation test. Statistical significance was evaluated at the 5 % alpha level.
Results
As shown in Table 1 , individuals infected with HIV-1 subtypes B and C were similar in age, gender, and education and CD4 nadir. Participants infected with subtype C had longer estimated duration of HIV infection than subtype B. Participants infected with subtype B were more likely to be 
CART combination antiretroviral therapy, EFV efavirenz, CPE CNS Penetration Effectiveness Rank for Antiretroviral, (a) p HIV-positive vs. HIVnegative, (b) p HIV-1 subtype B vs. subtype C a Hepatitis C virus (HCV) serostatus was assessed using HCV antibody testing (Abbott-Architect); none of the HCV co-infected participants were on treatment with interferon-γ on antiretroviral therapy (ART), although this difference was not statistically significant (93 vs. 60 %; p = 0.08), and those on ART were more likely to be virologically suppressed (plasma HIV RNA <50 copies/mL, 81 vs. 40 %, p = 0.01). Among the participants who were HIV-positive, hepatitis C serology was positive in 6 (15 %).
MDD in HIV-positive and HIV-negative groups
The severity of depressive symptoms (measured by the BDI-II score) and proportion of depression diagnosis (measured by the MINI-PLUS) were greater in the HIV+ group than in the HIV− group. Current MDD, defined as depression during last 2 weeks, was diagnosed in 15 (38.5 %) of the participants in the HIV-positive group and in none in the HIV-negative group. The BDI-II score in the HIV-positive group (median, IQR) was 13 (8, 27.5) and 2.5 (1, 5.5) in the HIV-negative group, p < 0.0001 ( Fig. 1 , Table supplementary ). Past history of MDD was diagnosed in 24 (62 %) of the participants in the HIV-positive group and in 3 (14 %) in the HIV-negative group (p = 0.0004). Current suicide risk, defined as suicide risk during the last month, was found in 7 (18 %) participants in the HIV-positive group and in none in the HIV-negative group, p = 0.042 (Fig. 2a) . The severity of suicide risk was high in 5 (71 %) of the participants with suicide risk and low in 2 (29 %).
Other less frequent diagnosis by the MINI-PLUS in the HIV-positive and HIV-negative groups were as follows: past history of manic episode was diagnosed in 1 (2.5 %) vs. 0 respectively; current manic episode was not diagnosed in both groups; current hypomania was diagnosed in 4 (10 %) vs. 1 (5 %), p = 0.645; past history of hypomania was diagnosed in 7 (18 %) vs. 4 (18 %), p = 1.0; current and past history of bipolar type I disorder was diagnosed in 1 (2,5 %) in the HIV-positive vs. none in the HIV-negative group; current bipolar type II disorder was present in 9 (23 %) vs. 4 (18 %), p = 0.75; past history of bipolar II disorder was present in 6 (15 %) vs. 3 (14 %) respectively, p = 1.00. Alcohol dependence in the last 12 months and lifetime were higher in the HIV-positive than in the HIV-negative group (6 (15 %) vs. 1 (5 %), p = 0.405; and 8 (20.5 %) vs. 1 (5 %), p = 0.138; respectively). Lifetime non-alcohol substance dependence, more frequent cocaine and crack cocaine, was also higher in the HIV-positive than in the HIV-negative (7 (18 %) vs. 0, p = 0.04); and in the last 12 months, it was present in 1 (2.5 %) in the HIV-positive, vs. none in the HIV-negative group.
MDD in patients with HIV-1 subtypes B and C
The frequency of current MDD was in the HIV-1 subtype B group 8 (57 %) and in HIV-1 subtype C group 6 (40 %), p = 0.47. There was no difference in the severity of depression measured by BDI-II scores for groups with HIV-1 subtypes B and C. The BDI-II score median (IQR) in the HIV+B group was 19 (11, 31) and in the HIV-1 subtype C group was 15 (7, 28), p = 0.57 (Fig. 1) . Current suicide risk was higher in HIV-1 subtype B (n = 4 (29 %)) compared with HIV-1 subtype C (n = 2 (13 %)), although this difference was not significant, p = 0.39 (Fig. 2b) . Figure 2c shows the depression severity as assessed using the BDI-II in the participants with HIV-1 subtypes B and C.
Comparison between HIV-positive participants with and without MDD Demographics, AIDS treatment, and co-morbidities in participants who were HIV-positive with and without MDD are shown in Table 2 . The group without MDD had more years of education, on an average, than the group with MDD, which is probably related to the greater understanding of HIV infection among more educated participants.
In the group of participants who were HIV-positive, there was a weak negative correlation between BDI-II scores and years of education (Spearman's r = −0.32; p = 0.05) and a weak positive correlation between BDI-II scores and CNS Penetration Effectiveness Rank for Antiretroviral (CPE) (r = 0.39; p = 0.03). BDI-II scores were not significantly correlated with age, duration of infection, IHDS, nadir and current CD4 counts, plasma and CSF HIV-1 RNA levels, or number of peripheral blood platelets (Spearman's r = 0.017, p = 0.92; r = 0.38, p = 0.10; r = −0.27, p = 0.09; r = 0.08, p = 0.63; r = 0.04, p = 0.79; r = 0.07, p = 0.67; r = 0.27, p = 0.10; r = −0.25, p = 0.13, respectively).
Prevalence of MDD among patients on an ARV regimen including efavirenz
In this cohort, there was a high adherence of the participants to the combination antiretroviral therapy (CART). Among the 32 participants on ARV, 28 (88 %) were adherent (Table 1) . MDD was not related to non-adherence to CART in this population. All participants who were HIV+ with MDD were adherent to CART (Table 2) .
Among participants who were HIV-positive and on CART, 7 (22 %) had EFV in their regimen (Table 1 ). Among these, 1 (14 %) had current MDD, 5 (71 %) had a lifetime history of MDD (LT-MDD), and 1 (14 %) had high suicide risk. Among the participants who were HIV+ and not receiving EFV in the ARV regimen, 12 (50 %) had current MDD, 18 (75 %) had LT-MDD, and 5 (21 %) had suicide risk (3 high risk and 2 low risk). Comparing the groups p = 0.19, 1.0 and 1.0 respectively. Scores on the BDI-II (median, IQR) in the groups with EFV and without EFV was 24 (12.5; 34.5) and 13 (6.5; 26.5), respectively, p = 0.28.
Discussion
To our knowledge, this is the first study to examine the frequency and severity of depression in HIV-1 subtypes B and C. Consistent with prior studies, we found that a greater proportion of HIV-positive participants met criteria for MDD compared to the seronegative group. Extending the literature, we found that there was no HIV subtype-related difference in the frequency of current or lifetime MDD.
Previous published studies, by the present group, investigating differences between HIV-1 subtypes B and C found no difference in the frequency of HIV-associated neurocognitive disorders evaluated by neuropsychological comprehensive testing ). We did not find any molecular evidence to support the hypothesis of reduced intrathecal chemotaxis in subtype C than subtype B infections. Pleocytosis, a marker of cellular trafficking, was much more frequent in individuals who were HIV+ than those who were HIV−, but equally common in individuals who were infected with subtypes B and C (de ). Chemokines and interleukins were frequently elevated in the CSF of subjects who were HIV-positive but did not differ between subtypes B and C. MCP-1 was stimulated with the same intensity by subtype B and C (de Almeida et al. 2016) . In the present findings, the frequency of MDD comparable in subtypes B and C provides more support for the belief that there is no difference in CNS HIV infection between these two HIV subtypes.
In this study, current MDD was diagnosed in 39 % of the HIV-positive participants, similar to other studies in Brazil and CART combination antiretroviral therapy, EFV efavirenz a Hepatitis C virus (HCV) serostatus was assessed using HCV antibody testing (Abbott-Architect). None of the HCV co-infected participants was on treatment with Interferon γ other countries. Depression is the most frequent neuropsychiatric disorder among people living with HIV, with an estimated prevalence as high as 36 % (Pieper and Treisman 2005; Phillips 2004; Wolff et al. 2010) . Lifetime MDD prevalence rates are approximately 40 % in North American cohorts (Atkinson et al. 1988; Bing et al. 2001; Ciesla and Roberts 2001; Serafini et al. 2015) . Other studies from Brazil have estimated the percentage of people infected with HIV who have depression as varying from 21 to 37 %, across a broad range of cohorts who are HIV+, including patients on ART and those who were ART-naïve (Anastos et al. 2000; Mello et al. 2010; Silveira et al. 2012) . The frequency of MDD in this study was higher than in the general population. In Brazil, the annual prevalence of depression in the general population is considered to be between 3 and 11 % (Jenkins et al. 1997; Kessler et al. 1994 ) and about 10 % among patients in primary health care (Ustun and Sartorius 1995). In a systematic review and meta-analysis of the prevalence of depression morbidity among Brazilian adults, the prevalence of depressive symptoms was 14 % and the lifetime prevalence of MDD was 17 % (Silva et al. 2014) .
Depression has direct and indirect effects on the progression of HIV. MDD has a great impact on the lives of people who are HIV-positive. MDD impairs quality of life and is associated with high-risk sexual behavior, which facilitates viral transmission, increasing mortality and morbidity. It is reported that MDD impairs adherence to CART (Schuster et al. 2012) , although in our study, there was no relation between MDD and low adherence. CART adherence was 100 % in the group with MDD, but the number of participants was relatively small. The higher educational level in the MDD group could also explain their good adherence to CART. The duration of infection and log CSF HIV RNA are higher in the MDD group, although this difference was not significant. In our study, there was no association between presence of MDD and cognitive impairment.
In this study, the risk of suicide among participants who are HIV-positive was very high, 18 %; this is twice the risk of suicide in the general population in Brazil. Among 1621 young adults who are not HIV-positive, the suicide risk was 8.6 % (Rodrigues et al. 2012) . A cross-sectional study was developed to evaluate suicide risk and associated factors in HIV/AIDS patients; interviewing 211 patients, the risk of suicide was 34 % (Passos et al. 2014 ). In our study, MSM was a risk factor for HIV infection in 21 %; in a study in NYC, it was described increased risk of suicide attempts among black and latino lesbians, gay men, and bisexuals; lifetime suicide attempt was 17 % (O'Donnell et al. 2011) .
According with HIV-1 subtypes, in our study, the risk of suicide was more than two times higher in people with HIV-1 subtype B than in HIV-1 subtype C (29 vs. 13 %), although this difference was not significant. This is the first study describing risk of suicide according with HIV-1 subtypes.
Among the participants in this study with EFV antiretroviral regimen, current MDD was not frequent, and suicide risk was rare, although the number of participants receiving EFV was relatively low for a definitive conclusion. An association between EFV and increased risk for suicidal ideation or attempted or completed suicide has been reported. An EFV containing antiretroviral regimen was associated with a twofold increased hazard of suicidal ideation compared with a regimen without EFV (Mollan et al. 2014) .
The risks and factors contributing to major depressive episodes in HIV infection remain unclear (Serafini et al. 2015; Slot et al. 2015) . The immunologic response and incidence of depression in HIV need to be better evaluated. Evidence strongly suggests that cytokines have a role in the biology of depression (Loftis et al. 2008) . There is extensive evidence that depression in HIV may also be associated with neurobiological changes related to persistent viral presence in the CNS. In our study, there was no correlation with CSF or plasma HIV RNA. In a longitudinal study, it was observed that persistent CSF HIV RNA, but not plasma HIV RNA, was associated with increased risk of new onset MDD (Hammond et al. 2014) .
It is possible that in general, patients with a given chronic illness will have similar rates of depression. In chronic conditions, the emotional, familial, social, physical, and functional aspects of life are compromised. These factors are influenced by the type and degree and period of the illness. Among inpatients with any physical illness, the prevalence of depression was found to be between 22 and 33 % (World Psychiatric Association 1997). The frequency of depression in other CNS infectious diseases is also higher than in the general population (Almeida and Gurjão 2010; Forlenza et al. 1997; Srivastava et al. 2013) . Immunological and inflammatory factors as Th1 and Th2 cytokines could be related with this increased depression frequency, as these cytokines are predominant in the immunological response to these infectious diseases (Aguilar-Rebolledo et al. 2001; Loftis et al. 2008) as in HIV.
In the adult brain, two types of CNS cells can be infected by HIV: cells derived from monocytes (microglia and macrophages) and astrocytes. These cells differ from other HIVinfected cells in some biological aspects, particularly in the way they express the products of the HIV. Neuronal injury in HIV infection results from an indirect mechanism due to the complex interaction of anions, inflammatory and neuronal injury proteins, and constitutional HIV proteins. Neurons do not have CD4 receptors; consequently, HIV does not infect neurons (Price 2000; Tyler and McArthur 2002) . There is an interplay between the various contributory factors during HIV infection and their possible role in the predisposition to depression. These factors include cytokinergic, inflammatory, and monoaminergic, as well as neurodegenerative mechanisms and reduction of neurotrophic function induced by the virus (Brabers and Nottet 2006) . The chronic inflammatory state stimulated by viral infection leads to chronic sickness. Furthermore, HIV proteins are neurotoxic and impair monoaminergic function. Although immunological factors and neurotoxic viral effects on the brain could be related to the development of depression in HIV infection, the complex interaction with other factors such as genetic predisposition or social and cultural factors are important (Del Guerra et al. 2013) . HIV MDD can be classified into two different etiologic possibilities: one mostly due to psychological stress and the other due to HIV CNS infection leading to inflammation and degeneration. Thus, HIV depression may result from a combination of psychological stress, biochemical dysfunction (lower levels of neurotrophins and monoamines, glutamatergic disturbances, glucocorticoid receptor resistance, production of neurotoxic metabolites, and oxidative stress) due to chronic viral neuroinflammation and neuronal death that surpasses neurogenesis (Castellon et al. 2006) .
The positive points of this study were as follows: the majority of published studies of MDD in HIV are in populations with HIV subtype B; this is the first study on MDD among participants with HIV-1 subtype C. Brazil accounts for the largest population of HIV+ persons in Latin America (OPAS 2001) ; however, little is known about the psychiatric aspects of HIV infection in Brazil. All participants who were HIVpositive or HIV-negative were from the same geographic area, which allowed the study to avoid cultural confounding factors and were interviewed and examined by the same investigators.
As with all cross-sectional studies, important limitations should be acknowledged. The small sample size limits the confidence in our findings. This is particularly true for the analyses pertaining to the relationship between MDD and EFV. From a statistical design standpoint, as this is an exploratory study, there were no adjustments made for multiple statistical analyses, although the groups B and C were similar in age, gender, education, CD4 nadir, duration of HIV infection, and exposure to ART and CPE. Other issue is that we do not know the frequency of subtype C Tat C30C31S substitution in Brazil or in the samples studied that is implied with the explanation of the difference on CNS complications on HIV-1 subtypes B and C. Future studies are needed to replicate and further examine the present findings.
To conclude, we found that individuals who are HIV+ may be more likely to experience current MDD than matched HIV − controls. Although we detected no difference between HIV subtypes B or C with regard to frequency of current MDD or depression severity, our power to detect an effect was limited. Additional research into neurobiological risks of MDD in HIV is warranted.
